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Background and Purpose Differences in hippocampal volume (HV) were compared be- 
tween chronic primary insomniacs (Pis) and good sleepers (GSs), and the relationship between 
HV and memory function in Pis was investigated to clarify the effect of chronic sleep depriva- 
tion on brain structure and cognition. 

Methods Twenty Pis (mean age, 50 years; 18 females) and 20 age-, gender-, and education- 
matched GSs were enrolled. Brain magnetic resonance imaging (MRI) was performed on a 1.5- 
T MRI scanner. Left and right HV and intracranial volume (ICV) were measured manually. 
Nighttime polysomnography and neuropsychological testing were also applied to all subjects. 
Group differences in HV were analyzed and the relationships between HV and sleep question- 
naire data, nighttime polysomnography, and neuropsychological findings were evaluated. 

Results Compared to GSs, Pis exhibited significantly increased sleep latency and arousal in- 
dex and a decreased percentage of REM sleep in nighttime polysomnography, as well as im- 
paired verbal and visual memory, and frontal lobe function. Absolute HV and ICV did not differ 
significantly between Pis and GSs. In the Pis, right and left HVs were negatively correlated with 
the duration of insomnia and the arousal index, and positively correlated with the recognition of 
visual memory. In addition, free recall in verbal memory was positively correlated with left HV 
in Pis. 

Conclusions These findings suggest that chronic sleep deprivation impairs memory and fron- 
tal lobe function, and that a long duration of insomnia and poor sleep quality contribute to a bi- 
lateral reduction in HV. J Clin Neurol 2012;8:130-138 
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Introduction 

Primary insomniacs (Pis) have a chronic clinical condition 
that is characterized by the subjective experience of chroni- 
cally disturbed sleep and sleep loss, and they show evidence 
of conditioned sleep difficulties and/or heightened arousal in 
bed. ' Although the long-term consequences of hyperarousal 



@ This is an Open Access article distributed under the tenns of the Cre- 
ative Commons Attribution Non-Commercial License (h ttp: //creative- 
commons. org/Hcenses/by-nc/3.0) which permits unrestricted non-com- 
mercial use, distribution, and reproduction in any medium, provided the ori- 
ginal work is properly cited. 

130 Copyright © 2012 Korean Neurological Association 



in Pis has not been fully evaluated, animal studies have 
shown that persistent exposure to stress and adrenal steroids 
may result in the degeneration or inhibition of neurogenesis 
in the hippocampus.^-^ 

There have been several controversial findings concerning 
hippocampal volume (HV) in human insomnia studies. A 
previous pilot study found that the bilateral HV was signifi- 
cantly lower in Pis than in good sleepers (GSs).^ In contrast, 
a recent study did not find any objective differences in the 
HVs of Pis, even though some patients with sleep maintenan- 
ce problems were shown to have smaller HVs, as determined 
by wrist actigraphy.^ 
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It has been well documented that prolonged sleep depriva- 
tion has a negative influence on cognition, even in normal 
sleepers.'' Experimental sleep curtailment can result in a de- 
terioration of neurocognitive performance by disrupting the 
nocturnal consolidation of hippocampal-dependent memo- 
ries, and previous studies have demonstrated that consider- 
able sleep loss worsens structural brain plasticity by attenuat- 
ing neurogenesis in the hippocampus.' ** Moreover, it has been 
demonstrated that cognitive dysfijnction occurs in Pis.' This 
might be related to altered hippocampal fiinction or structure, 
since the hippocampus is critically involved in cognitive per- 
formance and memory formation.'" However, the relationship 
between cognitive dysfunction and reduction of HV in Pis has 
not been elucidated. 

The aims of the present study were 1) to compare HV and 
cognitive fiinction between Pis and age-, gender-, and educa- 
tion-matched GSs, and 2) to determine whether HV is associa- 
ted with clinical profiles and memory scores in Pis. 

Methods 

Subjects 

Twenty-five patients who complained of sleep onset and/or 
maintenance insomnia or unrefreshing sleep were enrolled 
between October 2009 and June 2010. They were diagnosed 
with PI according to the following inclusion criteria: 1) aged 
20-65 years, 2) satisfying the definition of PI according to 
the Intemational Classification of Sleep Disorders revision 2, 
and 3) an insomnia duration of > 1 year Thirty-one age-, gen- 
der-, and education status-matched healthy volunteers who 
were GSs were recniited through an advertisement in a local 
community. 

The history of medical and sleep disorders was evaluated 
by clinical interview, and the history of psychiatric disorders 
was evaluated with the Structured Clinical Interview for the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition in all Pis and healthy GSs. The subjects com- 
pleted a sleep diary for at least 2 weeks, along with the fol- 
lowing self-completed questionnaires: the Pittsburgh Sleep 
Quality Index (PSQI), the Beck Depression Inventory (BDI), 
the Insomnia Severity Index (ISI), the Epworth Sleepiness 
Scale (ESS), and the Stanford Sleepiness Scale. In addition. 
Pis and healthy GSs underwent a physical examination, and 
laboratory testing to measure several factors, including elec- 
trolytes, complete blood counts, urine toxic screening tests 
for barbiturates, benzodiazepine, methamphetamine, canna- 
binoids, cocaine, and opiates, liver, thyroid, and renal fiinc- 
tion tests, nighttime polysomnography (PSG), and neuropsy- 
chological tests. GSs with obstructive sleep apnea syndrome 
(apnea-hypopnea index >5/hour) or periodic limb movement 



disorders were excluded from the study. 

The general criteria for excluding Pis and GSs included 
the following parameters: 1) abnormal sleep-wake rhythms, 
2) other sleep disorders, 3) hypertension, diabetes, heart, or 
respiratory diseases, 4) history of cerebrovascular disease, 5) 
other neurological (neurodegenerative diseases, epilepsy, or 
head injury) or psychiatric (psychosis or current depression) 
diseases, 6) alcohol or illicit drug abuse, or current intake of 
psychoactive medications, and 7) a structural lesion on brain 
magnetic resonance imaging (MRI). Volunteers with a mean 
daily sleep duration of <7 hours were also excluded from the 
GS group. To exclude the possible effect of hypnotics on 
cognition, these drugs were prohibited for at least 1 month 
before the study. 

Six patients whose brain MRI revealed diffuse brain atro- 
phy or lacunar infarctions were excluded from the study. Fi- 
nally, 20 PI patients and 20 GSs were included as the study 
cohort. Informed consent was obtained from all Pis and GSs 
for PSG and brain MRI, and the institutional review board of 
our hospital authorized the study protocol. 

Nighttime PSG 

Subjects were asked not to drink alcohol or caffeinated bev- 
erages on the day before the sleep studies. Sleep data were 
recorded using a Remlogic (Embla Systems, Denver, CO, 
USA). Nighttime PSG was performed using a four-channel 
electroencephalogram (C3/A2, C4/A1, 01/A2, and 02/Al), 
a four-channel electrooculogram, an electromyogram of the 
submental, intercostal, and anterior tibialis muscles, and an 
electrocardiogram with surface electrodes. A thermistor (for 
monitoring nasal airflow), a nasal air pressure monitor, an 
oximeter (for measuring oxygen saturation), piezoelectric 
bands (for determining thoracic and abdominal wall mo- 
tions), and a body position sensor were attached to all pa- 
tients. Subjects were recorded on videotape using an infrared 
video camera and were monitored continuously by a PSG 
technician. Sleep architecture was scored in 30-s epochs, and 
sleep staging was interpreted according to the standard crite- 
ria of Rechtschaffen and Kales." Apnea and hypopnea epi- 
sodes were defined by previously established criteria. Ob- 
structive apnea was defined as a reduction in airflow greater 
than 90% that lasted at least 10 s, during which there was ev- 
idence of a persistent respiratory effort. Central apnea was 
defined as a reduction in airflow of more than 90% that last- 
ed at least 10 s, during which there was no evidence of respi- 
ratory effort. Hypopnea was defined as a reduction in airflow 
of 30% for more than 10 s that was accompanied by oxygen 
desaturation of at least 4%. According to the American Sleep 
Disorders Association Task Force criteria, arousals were 
classified as breathing-related arousals (occurring within 3 s 
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following apnea, hypopnea, or snoring) and other types of 
arousal (spontaneous arousal or arousal associated with peri- 
odic limb movements). 

Brain MRI 

MRI scanning was performed with a GE Signa 1 .5-tesla scan- 
ner (GE Medical Systems, Milwaukee, WI, USA). Fluid-at- 
tenuated inversion recovery MRI was performed with the 
following parameters: 1.0-mm gap, 4.0-mm thickness, repeti- 
tion time/echo time (TR/TE)=10002/127.5 ms, number of exci- 
tations (NEX)=1, and oblique coronal. Tl-weighted and T2- 
weighted MRI was performed with the following parameters: 
0.3-mm gap, 3.0-mm thickness, TR/TE=5300/99 ms, flip an- 
gle (FA)=95'', NEX=3, and oblique coronal. Coronal spoiled 
gradient recalled (SPGR) MRI was performed with the fol- 
lowing scanning variables: 1.6-mm thickness, no gap, 124 slic- 
es, TR/TE=30/7 ms, FA=45°, NEX=1, matrix size=256x 192, 
and field of view=22x22 cm. The voxel dimensions in the 
SPGR MRI images were 0.86x0.86x 1.6 mm. 

Intracranial volume measurement 

Preprocessing of Tl-weighted MRI data and manual volume 
measurements for intracranial volume (ICV) and the hippo- 
campus were performed using a Unix -based Sun Ultra 1 
Creator workstation (Sun Microsystems, Santa Clara, CA, 
USA) and Analyze 7.5 (Biomedical Imaging Resource, 
Mayo Foundation, Rochester, MN, USA). ICV was used to 
normalize HV and to correct for variations in individual 
brain sizes. The ICV was measured by reconstructing the 
original Tl-weighted MRI data in order to create 5-mm-thick 
sagittal images, which were then magnified twofold. The ce- 
rebrum, cerebellum, and midbrain were included in the ICV 
volume with the outer boundary of dura mater.'^'^ The lateral 
limits of the ICV were defined as the right- and leftmost slic- 
es of the brain parenchyma on sagittal images, and the lower 
tip of the cerebellum was defined as the lower limit. We in- 
creased the brightness of the image in order to improve the 
visual clarity of the boundary of the dura mater. Using the 
established measurement criteria,'*^ the dura mater of the ce- 
rebrum, the cerebellum, and the midbrain (except for the in- 
ferior boundary) were traced manually. In order to estabUsh 
the inferior boundary on the head tilt-corrected sagittal im- 
ages, a horizontal line that included the lower tip of the cere- 
bellum was drawn across the midbrain.''' The ICV measure- 
ments have been illustrated previously."* 

Hippocampal volumetry 

The methodological details of hippocampal volumetry are 
described elsewhere." The entire HV was measured from the 
anterior head to the posterior tail, including the comu ammo- 



nis, gyrus dentatus, hippocampus, and subiculum. The ante- 
rior boundary of the hippocampus was identified as the alve- 
us. The lateral border of the hippocampus was delineated 
against the entorhinal cortex by the upper margin of the 
white matter of the subiculum. The posterior end of the hip- 
pocampus was taken as the point at which the tail of the hip- 
pocampus disappeared. The rater manually traced the alveus 
according to the defined hippocampal boundary criteria. 

The hippocampus was traced manually by one neuroimag- 
ing analyst (ST Kim) who was blind to the patient diagnosis. 
The HV in each slice was calculated by multiplying the 
number of voxels contained within each trace by the voxel 
volume (1 mm^) and dividing by the magnification factor. 
The total volume of each structure was the sum of all in-slice 
volumes. In order to calculate the intrarater correlation coef- 
ficients, the brain images of each subject were manually 
traced twice. The intrarater correlation coefficients were 0.96 
and 0.95 for the left and right HVs, respectively, and 0.94 for 
both ICVs. 

Neuropsychological assessments 

A battery of neuropsychological tests and an individual stan- 
dardized intelligence test were administered to all subjects. 
The neuropsychological tests, as described below, took 2.5 
hours to perform. 

Memory tests 

Verbal memory was evaluated using the Korean California 
Verbal Test (K-CVUT).'* Nonverbal (visual) memory was as- 
sessed using the Rey Complex Figure Test (RCFT), which 
comprises an immediate recall test, a delayed recall test, and 
a recognition test.'** The K-CVLT involves 5 learning steps 
and 16 words, and immediate recall, immediate hint recall, 
delayed free recall, delayed hint recall, and recognition were 
tested 20 min after the 5 learning steps. The RCFT involves 
immediate recall after copying a complex figure, and free re- 
call and recognition tested 20 min later. 

Attention and working memory tests 

The digit span tests from the Wechsler Memory Scale-Re- 
vised were administered using a standard protocol,'" both for- 
ward and backward, in order to assess verbal attention and wo- 
rking memory. The Corsi block-tapping tests (forward and back- 
ward) were used to examine visual attention and working me- 
mory.^' In addition, we administered Trail-Making Tests A 
and B and the digit symbol test.'" '-^ 

Other tests 

Subjects also completed the Wisconsin Card-Sorting Test,^'' 
the Stroop Test,-^ the Controlled Oral Word Association Test,"^' 
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and Raven's colored progressive matrices^' to assess execu- 
tive function, the Korean Boston Naming Test^* to evaluate 
verbal fimction, and the BDI'' to test emotional status. 

Statistics 

The demographic factors (age, education, and body mass in- 
dex) and the sleep questionnaire data were compared be- 
tween Pis and GSs using the Mann-Whitney U-test. Group 
differences in HV were analyzed two ways: 1) by analysis of 
covariance with the covariate of ICV^'''^' and 2) by normaliz- 
ing the absolute HV relative to ICV.^^ In order to evaluate the 
relationships between HV and the sleep questionnaire data 
and nighttime PSG, a multilinear regression analysis was 
performed after controlling for ICV, age, and education. The 
differences in the neuropsychological results between Pis 
and GSs were analyzed using multiple regressions with the 
covariates of age and education. 

For the relationship between HV and neuropsychological re- 
sults, a multiple regression analysis was performed with the 
covariates of education, age, and ICV. Statistical analysis 
was performed using SPSS version 18.0 (IBM, Chicago, IL, 
USA). All tests were two-tailed, and the level of significance 
was set at p<0.05. 

Results 



and BMI did not differ between Pis and GSs. The mean du- 
ration of insomnia was 7.6 years, and Pis had been taking an 
average of two kinds of sleeping pill for a mean duration of 
3.7 years. The patients had not taken any hypnotic agents, 
including Zolpidem, alprazolam, or flurazepam, for more 
than I month before the study. Sleep quality was detennined 
by the PSQI, which was assessed during the 2 weeks before 
the study, and was found to be significantly worse in Pis than 
in GSs. Pis reported severe insomnia symptoms (mean ISI= 
19.1). The ESS score was higher in Pis than in GSs (p=0.02), 
but it did not indicate that Pis experienced daytime sleepi- 
ness (mean ESS score=2.9). Pis reported significantly more 
depressed symptoms than did GSs (BDI scores: 13.8 vs. 3.5, 
/7=0.04), and they experienced the general depressive symp- 
toms (10.6 vs. 1.5, /7=0.025) but not the somatic symptoms 
(3.2 vs. 2.0,p=0.510) of the BDI subscale. 

None of the Pis had taken antidepressants or had been pre- 
viously diagnosed with major depressive disorder. According 
to the self-completed questionnaires. Pis reported a statisti- 
cally shorter total sleep time, decreased sleep efficiency, and 
increased wake after sleep onset (WASO) compared to GSs. 
In nighttime PSG, Pis had a longer sleep latency and more 
frequent arousals during sleep than did GSs. 

The details of the clinical demographic characteristics and 
nighttime PSG data are summarized in Tables 1 and 2. 



Clinical characteristics and sleep studies Neuropsychological tests 

All subjects were right-handed. The mean age, gender ratio. Pis had significantly lower scores on tests of attention and 

Table 1. Clinical demographic characteristics in primary insomniacs and good sleepers 



Primary Insomniacs Good sleepers p 



Age (years) 


50.8 (10.8) 


50.4(11.7) 


0.960 


Males : Females 


2 : 18 


2 : 18 




Duration of Insomnia (years) 


7.6 (6.1) 






Body mass Index (kg/m^) 


23.4 (2.6) 


22.9 (2.5) 


0.216 


Education (years) 


11.8 (3.1) 


1 1.2 (2.9) 


0.190 


PIttsburgti Sleep Quality Index 


19.1 (4.3) 


3.2 (1.2) 


0.001' 


Insomnia Severity Index 


19.1 (4.3) 


2.5 (1.4) 


0.045* 


Epworth Sleepiness Scale 


2.9 (1.3) 


0.7 (0.5) 


0.020* 


Stanford Sleepiness Scale 


3.2 (1.8) 


1.1 (0.9) 


0.042* 


Beck Depression Inventory 


13.8 (8.6) 


3.5 (2.5) 


0.040* 


General depressive symptoms 


10.6 (5.6) 


1.5 (1.4) 


0.025* 


Somatic symptoms 


3.2 (3.0) 


2.0 (1.1) 


0.510 


Sleep log 








Time In bed (hours) 


6.2 (1.2) 


6.9 (0.9) 


0.150 


Total sleep time (hours) 


4.6 (1.0) 


6.0 (0.6) 


0.030* 


Sleep efficiency (%) 


74.1 (5.4) 


89.5 (3.6) 


0.035* 


Sleep latency (min) 


19.5 (4.5) 


14.2 (5.2) 


0.070 


Wake otter sleep onset (mIn) 


66.5 (4.5) 


39.8 (3.2) 


0.003* 



Data ore mean (SO) values. 
•Monn-Whlfney U-test, p<0.05. 
SD: standard deviation. 
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Table 2. Results of nighttime polysomnography in primary insomniacs and good sleepers 





Primary insomniacs 


Good sleepers 


P 


Total sleep time (min) 


359.1 (51.6) 


387.5 (42.1) 


0.500 


Sleep efficiency (%) 


83.6 (7.1) 


88.0 (5.2) 


0.095 


Sleep latency (min) 


22.9 (9.7) 


8.8 (5.6) 


0.015* 


REM sleep latency (min) 


124.9 (69.9) 


87.02 (60.2) 


0.007* 


Apnea-hypopnea index (/hour) 


3.3 (3.2) 


1.33 (1.1) 


0.600 


Arousal index (/hour) 


13.7 (6.0) 


5.2 (3.1) 


0.005* 


Periodic limb movement during sleep index (/hour) 


0.64 (0.6) 


1 .82 (0.5) 


0.125 


NREMI (%) 


10.7 (4.9) 


13.7 (5.1) 


0.250 


NREM2 (%) 


63.2 (10.0) 


54.2 (15.2) 


0.060 


NREM3 (%) 


7.3 (6.6) 


7.9 (5.5) 


0.085 


REM (%) 


18.8 (7.1) 


24.1 (5.1) 


0.040* 



Data are mean (SD) values. 
•Mann-Whitney U-test, p<0.05. 

NREM: nonrapid eye movement, REM: rapid eye movement, SD: standard deviation. 



Table 3. Results of neuropsychological tests in primary insomni- 
acs and good sleepers 

Primary insomniacs vs. 

good sleepers 
Coefficient (SD) p 

Attention and frontal lobe function 

Digit span forward -3.4(0.8) 0.001* 

Digit span backward -2.0(0.4) 0.001* 

Corsi block forward -2.4 (0.7) 0.007* 

Corsi block backward -3.8(0.5) 0.001* 

Controlled oral word association 
test 

Semantic word -14.1(3.6) 0.002* 

Trail-making test -2.5 (0.6) 0.065 

Trail-making test -1.5(1.1) 0.455 

Digit symbol test -1.1 (0.2) 0.325 

Rey Complex Figure Test 
Copy -3.3(1.1) 0.001* 

Short-delay free recall -6.8(2.3) 0.001* 

Long-delay free recall -6.8 (2.7) 0.002* 

Recognition -2.1 (1.1) 0.070 

Korean California Verbal Test 

Total -7.6(4.6) 0.122 

Short-delay free recall -1.9(1.2) 0.176 

Long-delay free recall -1.9(1.2) 0.128 

Recognition -2.1 (0.9) 0.036* 

Korean Boston Naming Test -3.6 (1 .9) 0.074 

*Multiple regressions, p<0.05. 

frontal lobe function and impaired verbal (recognition) and 
visual memories (copying and free recall) relative to GSs 
(Table 3). 

Group differences in ICV and HV 

The ICV did not differ between the two groups (1506.8± 
111.1 cmMn Pis vs. 1487.9±331.5 cm^ in GSs, meantSD; p= 



0.110, two-tailed f-test). The absolute volumes of the left and 
right hippocampi did not differ between Pis and GSs (left: 
3000.3±214.7 mm-' vs. 2897.4±390.5 mm\p=0.265; right: 
3265.2±255.1 mm' vs. 3151.3±295.7 mm', /7=0.185). After 
controlling for the ICV, the left and right HVs also did not 
differ between Pis and GSs (left: p=QA99; right: jD=0.570). 

Relationships between HV and demographic 
characteristics, sleep study data, and 
neuropsychological tests 

In Pis, left or right HV was negatively correlated with a lon- 
ger insomnia duration (left HV: r=-0.872,/7<0.001; right HV: 
r=-0.868, /;<0.001) and with a higher arousal index in night- 
time PSG (left HV: r=-0.435, p=QM5\ right HV: r=-0.409, 
p=0.026) (Fig. 1). 

A multiple linear regression analysis showed that HV was 
negatively correlated with the duration of insomnia (left HV: 
P=-0.669,p<0.001; right HV: |3=-0.545, /?=0.001) and the 
arousal index (left HV: |3=-0.296,/7=0.028; right HV: (3=-0.431, 
p=Q.Q\5). A positive correlation was found between short- 
delay free recall in the K-CVLT and the left HV {r=Qn59,p= 
0.029) and between recognition in the RCFT and the left 
(^0.969,^=0.006) and right (7=0.913,/;=0.031) HV in the Pis 
(Table 4). 

The GSs exhibited no significant correlations between HV 
and any of the other parameters, including demographic 
characteristics, PSG data, or neuropsychological results. 

Discussion 

We compared HV and cognitive function between chronic 
Pis and GSs and investigated the correlation between HV 
and demographic characteristics and various factors mea- 
sured from sleep studies and neuropsychological tests. 
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Duration of insomnia (year) 
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10 20 
Arousal index (/hr) 



Fig. 1. Scatter plots of left or right hippocampal volume and duration of insomnia and arousal index in patients with chronic insomnia. Higher 
values on the arousal index correspond to poor sleep quality. Left or right hippocampal volume was negatively correlated with the insomnia du- 
ration (left: A=-0.872, p<0.001; right: a=-0.868, p<0.001) (A) and with the arousal index in nighttime polysomnography (left: a=-0.435, p=0.045; 
right: r=-0.409, p=0.026) (B). 



Table 4. Relationship between hippocampal volume and memory 
scores in primary insomniacs 





Left hippocam- 
pal volume 


Right hippocam- 
pal volume 


Korean California verbal 








learning test 








Total 


0.151 


(0.588) 


0.335 (0.393) 


Short-delay free recall 


0.029* 


(0.759) 


0.313 (0.410) 


Long-delay free recall 


0.200 


(0.506) 


0.696 (0.165) 


Recognition 


0.664 


(0.183) 


0.333 (0.395) 


Rey complex figure test 








Copy 


0.636 


(0.248) 


0.842 (0.106) 


Short-delay free recall 


0.104 


(0.259) 


0.225 (0.583) 


Long-delay free recall 


0.420 


(0.828) 


0.089 (0.746) 


Recognition 


0.006* 


(0.969) 


0.031* (0.913) 


Data are rho (coefficient) values. 



*ANCOVA covariate with intracranial volume, p<0.05. 

Hippocampal volumetry in chronic Pis 

We found no definite difference in ICV and in absolute and 
ICV-normalized HV between Pis and GSs. However, the du- 
ration of insomnia and the arousal index in nighttime PSG 
exhibited significant negative correlations with HV in Pis. 

There have been inconsistent reports on HV changes in 
Pis compared with GSs. One previous pilot study found that 
HV was significantly smaller in Pis than in GSs,'' but a sub- 
sequent cross-sectional study did not.^ Several factors could 
have contributed to this discrepancy. First, the studies used 
different anatomical landmarks to delineate the boundary of 
the hippocampus. Riemann et al.^ included the fimbra, the al- 
veus, and the hippocampus-amygdala transition area (HATA) 
when determining HV, but these regions were not included 
in the work of Winkelman et al.^ The present study included 



the alveus but excluded the fimbra and the HATA because 
the fimbra is regarded as white matter and the HATA is not 
easy to delineate consistently between subjects. 

Second, the different subsets of patients examined in the 
studies may also play a role. The mean duration of insomnia 
was longer of the study by Reiman et al. (11.6 years) than in 
our study (7.6 years) and that of Winkelman et al.^ A longer 
duration of insomnia might negatively influence hippocam- 
pal fiinction and HV. The finding of no difference in HVs be- 
tween Pis and GSs in the present study was similar to the 
findings of Winkelman et al. "^ However, our patients reported 
much more severe insomnia symptoms and a longer duration 
of disease than did those of Winkelman et al.,^ which is at- 
tributable to our study involving physician-referred patients 
with chronic insomnia while the other study selecting pa- 
tients from community recruits who complained of insomnia 
symptoms. The mean PSQI (19.1 vs. 12.1) and ISI (19.1 vs. 
16.7) seemed to be higher in the present study than in that of 
Winkelman et al. We observed that left and right HVs in Pis 
were significantly and negatively correlated with the dura- 
tion of insomnia, a finding that was not reported by Winkel- 
man et al.^ 

Winkelman et al.' reported that smaller HVs were associ- 
ated with a greater amount of WASO and a reduced sleep ef- 
ficiency, as measured by actigraphy. We found that a higher 
arousal index-which was measured in nighttime PSG-was 
related to a smaller HV. These findings suggest that sleep 
quality affects the anatomy of the hippocampus even if the 
absolute HV did not differ from that of normal controls. It 
has been shown that reduced sleep efficiency is correlated 
with higher Cortisol levels in the evening and nighttime peri- 
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ods.^^ Furthermore, patients with Cushing's disease have 
been reported to have hippocampal atrophy, with the degree 
of atrophy being correlated with the mean Cortisol level. 
Although serum cortical levels were not obtained during nig- 
httime in the present study, our findings of a close relation- 
ship between poor sleep quality and smaller HVs in Pis may 
support a functional impairment of the hypothalamus-pitu- 
itary-adrenal gland axis in Pis. 

It was well known that HVs are significantly smaller in 
patients with major depression than in normal controls.^' In 
the present study. Pis reported more depressive symptoms 
than GSs (BDI scores: 13.8 vs. 3.5, p=0.04). Although we 
excluded patients with major depression from the patient 
group, they might have had dysphoria, which could affect 
the reduced HVs. However, the BDI score was not correlated 
with HV in Pis (as assessed by multiple regression analyses). 

Cognitive deficits in chronic Pis 

Cognltion-especially for attention and frontal lobe fijnction- 
was significantly worse in Pis than in GSs in the present 
study. Task assessments of shifting attention and working 
memory generally reveal deficits among insomnia groups.^' '"' 
When a task of sustained attention required a response choice, 
insomniacs exhibit consistent attention deficits. -''"''•'"•''^ Neu- 
roimaging data have revealed a close relationship between 
insomnia and fiinctional and anatomical damage of various 
brain regions. A significant association was found between 
insomnia duration and left dorsomedial prefrontal damage in 
192 patients with focal brain lesions.'*^ The gray-matter vol- 
ume in the left orbito frontal cortex was found to be a reduced 
in chronic insomniacs, with this being strongly correlated 
with the subjective severity of insomnia.'*'' The cerebral glu- 
cose metabolic rates during wakefiilness in the bilateral pre- 
frontal and left superior temporal cortices, the thalamus, the 
hypothalamus, and the brainstem reticular were found to be 
lower in chronic insomniacs than in controls.''^ These find- 
ings may support the impaired attention and frontal lobe 
function found in Pis compared to GSs in this study. 

Another finding in the present study was that both verbal 
and nonverbal memory fiinctions were significantly worse in 
Pis than in GSs. It was previously reported that Pis did not 
have a performance deficit on tasks of visual and verbal 
memory tests.'" Some researchers have argued that the word- 
list and word-pair paradigms used in most studies are not 
very sensitive to subtle memory deficits.''^'"* In the present 
study, the direct comparison of memory scores with age-, 
gender-, and education level-matched normal controls, and 
the significantly positive correlation between HV and verbal 
and visual memory scores may support objective memory de- 
ficits in chronic insomniacs. 



It is well known that sleep plays an important role in the 
formation and consolidation of memories^' and that memory 
consolidation is impaired in patients with chronic insomnia.^" 
The significantly negative correlation between arousal index 
and HV in the present study suggests that fragmented sleep 
is closely related to HV reduction. 

A meta-analysis of results from 33 studies had shown wi- 
dely varying results regarding the relationship between memo- 
ry performance and HVs in participants without neurological 
or psychiatric disorders.^' Further study is necessary to reach 
a consensus regarding the relationship between memory and 
hippocampal volume in GSs. 

Our study was subject to some limitations. Pis have more 
depressive symptoms than GSs, and their depression or dys- 
phoria may have affected the neuropsychological results. 
Memory deficit in Pis might be directly influenced by im- 
paired attention and frontal lobe fianction" rather than via 
hippocampal dysfunction. We are aware that the sample in 
this study was too small to allow us to draw a definitive con- 
clusion, but there was a trend toward HV being smaller in 
Pis than in GSs. Studies with larger samples should evaluate 
more accurately the effect of insomnia on brain structure. 

In summary, we found that HV in Pis was negatively cor- 
related with the duration of insomnia and the arousal index. 
Pis exhibited significantly impaired attention, frontal lobe 
function, and memory, and their verbal and nonverbal mem- 
ory scores were positively correlated with HV. These find- 
ings suggest that chronic sleep deprivation associated with 
insomnia impairs memory and frontal lobe function, and that 
insomnia duration and poor sleep quality contribute to a bi- 
lateral reduction in HV. 
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